I n t r o d u c t i o n
The L X-ray s a t e l l i t e l i n e s , characterized by s l i g h t l y higher energies than t h e i r parent o r diagram l i n e s , are mainly due t o the f o l l o w i n g processes i n m u l t i h o l e conf i g u r a t i o n s :
1. S a t e l l i t e s o r i g i n a t e d from LM and LN double h o l e states created by Coster--Kronig L1 + L and L2 -+ L j t r a n s i t i o n s o r by shake-off i n M, N l e v e l s f o l l o w i n g 293 the Li (i=1,2,3) i o n i z a t i o n . S a t e l l i t e l i n e s o r i g i n a t e d from double ionized states can be d i v i d e d i n several classes: LM + M M and LM + MN, which are u s u a l l y separated from the parent 1 ines ( v i s i b l e s a t e l l i t e s ) , and LN -+ MN and LN -+ NN, which cannot be resolved from t h e i r parent 1 ines (hidden sate1 1 i t e s ) .
.
S a t e l l i t e s due t o shake-off and Coster-Kronig t r a n s i t i o n s which y i e l d states Li MM, Li MN and LiNN; the l a s t one leads t o hidden s a t e l l i t e s .
L1 + L2, 3Mi
( i = l t o 5) Coster-Kronig t r a n s i t i o n s provide the dominant mechanism f o r the production o f v i s i b l e s a t e l l i t e s and consequently, when they become energet i c a l l y impossible, the i n t e n s i t i e s o f the corresponding s a t e l l i t e l i n e s w i l l drop suddenly. The p r o b a b i l i t y o f shake-off i n the M subshells when a s i n g l e hole i s created i n the L, subshell has been found t h e o r e t i c a l l y t o be very small [I] .
Theoretical c a l c u l a t i o n s o f the energies o f non-radiative t r a n s i t i o n s L1 + L3Mi
( i = l t o 5) f o r tungstenC21 p r e d i c t t h a t one cannot o b t a i n a system w i t h a second hole i n the M l e v e l from an atom i n i t i a l l y monoionized i n the L1 l e v e l .
I n t h i s work we analyse experimental r e s u l t s obtained f o r the LB2 X-ray l i n e ( a r i s i n g from the L3 + N5 t r a n s i t i o n ) and i t s s a t e l l i t e s .
According t o the Coster-Kronig theory, primary i o n i z a t i o n o f the L1 atomic s h e l l i s f o l l o w e d by t h e L1 + L3 r a d i a t i o n l e s s t r a n s i t i o n w i t h the simultaneous e j e c t i o n
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19879101 o f a M,N electron, the atom being l e f t i n t h e double i o n i z e d s t a t e L3X (X=M,N); a subsequent s i n g l e e l e c t r o n t r a n s i t i o n gives o r i g i n t o a s a t e l l i t e l i n e . I f the energy L1 -+ L3 i s l a r g e enough t o a l l o w f o r a second hole i n the M l e v e l , we may exp e c t t o observe LB2 v i s i b l e s a t e l l i t e s .
Richtmeyer e t aZ. [3] observed f o r tungsten two LB s a t e l l i t e l i n e s , denoted by L B t 2 ( s h i f t e d by 5.82 X.U. from the diagram l i n e ) and LBU2 ( s h i f t e d by 8.50 x.u.);
Raoult [4] observed a l s o a 1 ine, denoted by ~6~' ( s h i f t e d by 6 x.u.). These authors considered these l i n e s as LB2 v i s i b l e s a t e l l i t e s . However, according t o theory they cannot be due t o Coster-Kronig t r a n s i t i o n s .
To search f o r the o r i g i n o f these l i n e s , we observed the LB2 X-ray region o f tungsten a t d i f f e r e n t e x c i t i n g e l e c t r o n energies.
2. Experdmental procedure LB X-ray spectra o f tungsten were obtained using a Cauchois spectrograph (r=50cm) f i t t e d w i t h a quartz c r y s t a l 2 m m t h i c k . The spectra were recorded i n photographic
Kodirex f i l m , s i n g l e coated, and analysed by means o f a Joyce-Loebl microdensitomet e r . The e l e c t r o n beam energies o f the X-ray tube were measured by means o f a vary accurate d i g i t a l voltmeter. The e l e c t r o n i c c u r r e n t was j u s t below 20 m4. 
Results and conclusions W e observed the LB2 region o f the X-ray spectrum o f Tungsten, w h i l e v a r y i n g the e x c i t i n g e l e c t r o n energy (Ee

The values obtained f o r the r a t i o IS o f the LB2 s a t e l l i t e band i n t e n s i t y t o t h e
LB2 diagram l i n e i n t e n s i t y ( i n f a c t the LB2 l i n e i s mixed w i t h the LBI5 l i n e , the l a t t e r being very weak) as f u n c t i o n o f the e x c i t i n g e l e c t r o n energies a r e l i s t e d i n Table I . The s a t e l l i t e band i s seen o n l y f o r e l e c t r o n energies above WL1. However, The range o f wavelengths o f t h e s a t e l l i t e band goes from 4.5 X.U. t o 8.1 X.U. r e l a t i v e t o the diagram l i n e . These values are i n good agreement w i t h the r e s u l t s o f Richtmeyer et al. [3] and Raoul t [4] .
W e conclude t h a t the observed s a t e l l i t e band i s n o t due t o shake-off because i t i s n o t observed below the L1 i o n i z a t i o n energy and i t s p e c u l i a r behaviour as the e l e c t r o n energy v a r i e s exclude a l s o t h i s p o s s i b i l i t y . However, the present r e s u l t s a r e i n agreement w i t h a Coster-Kronig o r i g i n of the s a t e l l i t e band. I n f a c t , expe-C9-611 rimental results of the ratio of the ionization cross sections of subshells L and 1 L3, u1/u3 (M. L. Carval ho e t aZ. , umpubl ished) , show that this ratio increases abruptly at 13 keV incident electron energy and becomes constant for energies above 20 keV. As the increase of u1/u3 corresponds to a relative increase of L1 vacancies, this leads also to an increase of L1 -t L3 Coster-Kronig transitions. The work of Chen e t a t . [2] predicts that Coster-Kronig transitions L1 + L3M5 are energetically forbidden for 50 S Z 6 74 and are allowed for Z 2 75. In their tables the energy difference of levels L1 and L3M5 for W (Z = 74) is -2.70 eV, this element being in the borderline between the two regions of Z. Thus, we suggest that new accurate calculations of Coster-Kronig energies should be performed in this region of atomic numbers to remove this discrepancy between theory and experiment.
